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My invention provides an economical and rapid 
process for resolving petroleum emulsions of the 
water-in-oil type that are commonly referred 
as "cuç oil," "roily oil," "emulsified oil," etc., and 
which comprise fine droples of naturally-occur- 
ring waters or brines dispersed in a more or less 
permanent stat.e throughout the oil which con- 
stitutes the continuous phase of the emulsion. 
!t also provides an econornical and rapid process 
for separating emulsions which bave been pre- 
pared under controlled conditions from rnineral 
off,such as crude oil and relatively sort waters or 
weak brines. Controlled emulsilïcation and sub- 
sequent demulsIfication under the conditions Just 
mentioned are of signilïcant value in removing 
impurities, particularly inorganie salts, from pipe- 
line off. 
DemulsificatIon as contemp!ated in the present 
application inchides the preventive step of com- 
mingling the demulsifier with the aqueous com- 
portent which would or might subsequentiy become 
either phase of the emulsion in the absence of 
such precautionary measure. SImilarly, such de- 
mulsifier may be mixed with the hydrocarbon 
comportent. 
The demulsifying agent employed in the present 
process is a mixed ester salt of a monobasic acid 
and a polybasic acld. Three moles of the former 
and, more specifical!y, monocarboxy acids are 
employed whereas one mole of the latter is em- 
ployed. The latter is a type in which three car- 
boxyl radicals appear and one sulfo radical. The 
carboxyl radicals appear in ester form and the 
sulfo radical in salt form. Such compounds are 
derived preferably by reaction between four types 
of reagents: (a) Polypropylene glycol of a molec- 
ular weight sufficient to give water-insolubility 
and kerosene-solubility, generally being in the 
molecu!ar weight range of 750 to approximately 
3,000; (b) asonitic acid; (c) a low molal mono- 
carboxy acid having less than S carbon atorns and 
preferably 3 or less; and (d) an alka!i metal 
bisulfite such as sodium bisulfite or potassium 
bisulfite. 
The preparation of the demulsifying agent in- 
volves substantial!y three steps: (a) The esteri- 
fication of the propylene glycol mole for mole 
with the low molal monocarboxy acid, such as 
acetic acid, propionic acid, lactic acid, etc., to pro- 
duce a fractional ester having one free hydïoxyl 
radical; (b) esterification between three moles of 
the fractional ester obtained from polypropylene 
glycol and one mole of aconitic acid; and (c) 
action between such cornplete ester.and a suitab!e 
alkali metal bisulfite such s sodium bisulfite. 

Alternately one can esterify the glycol first with 
the aconitic acid and then esterify with a mono- 
. carboxy acid, such as acetic acid. There is no 
choice between the two procedures. 
5 More specifically then the present invention is 
concerned with a process for breaking petroleum 
.emulsions of the wter-in-oil type characterized 
by subJecting the emulsion fo the action of a de- 
mulsifier including hydrophile synthetic products; 
10 said-hydrophile synthetic products being char- 
acterized by the following formula: 
0 
(OCt).OCR  
.  R--C (0 Cï),0 0 OR 
s°,/ , 
C(OC).OOCR 

20 in which 

O 
, , is the trivalent radical of aconitic acid and  is 
8ê a whole number varying from 10 to 80; and PJCO 
is the. acyl radical of a low molal monocarboxy 
acid having less than ,8 carbon atoms, and with 
the proviso that the polypropylene glycol prior to 
-. esterification be water-insoluble and kerosene- 
 soluble. 
In the above formula the a!kali metal cation is 
shown as sodium which is the cheapest and most 
readily available. Needless fo say, any other al- 
' kali metal cation, such as potsium, maY be 
4e employed in the form of potassium bisulfite and 
is included in .the here attached claims as the 
obvions chemical equivalent. Similarly, ammon- 
ium bisfite may be employed instead of sodium 
 or potsium bilfite. is applies also  a 
45 bisulfite of various organic bases proded, of 
course, that such cases prior to forming a sulfi 
are as basic as ammoa and that the ste is 
water-soluble. All these are the obvious func 
tional equivaients of sodium bu. The pro- 
cedure  iliustrated by the fo!lowing example: 
EOEPLE 1 
in a rection fisk there were placed 9.6 grams 
 , oî glacia açetc.çid, and 325 grains of propylene 
5 glycol 2025 (molal ratio of lycol o cid 1:1) 
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3 
along with one-half of one per cent of toluene 
sulfonic acid. In this instance 1.6 grains were 
used. There were also added 50 c. c. of xylene. 
Heat was applied and the mixture allowed to re- 
flux for about 3'/2 hours. The maximum temper- 
ature during the reflux period was 15. ° C.. At the 
end of this rime less than 3 c. c..of water was car- 
'ied over to the phase-separating trap. Simi- 
larly, at the end of this period there was still a 
light acidity due to the catalyst and also due 
perhaps to a small amount of uncombined, ac.etic 

10 

4 
be conducted at a suitable temperature until 
the sodium bisulfite has combined. Thereafter 
the xylene can be distilled over in the usual man- 
ner, removing any water with it and all the xylene 
can be removed ,by distillation, particularly 
vacuum distillation. 
The same procedure was followed in cormec- 
tion with a mtmber of additional samples, all 
of which are illustrated in the following tables 
which give the reactants, amounts employed, 
temperature of .esterflcation, etc. 
Table 1 

lolyprOo. 
pylono 
glycol 
2, 025 
725 
1, 025 
2, 525 
1, 525 
2, o25 
725 
1, 025 
2, 525 
1, 525 

Used 
(gré.) 

carbury 
Acid 

325 Acetic ..... I 
.118 ._.do ....... I 
165 ___do 
405 ._ _ do 
243 .__do 
325 Propionic  
118 _._do 
165 __.do ....... 
405 _._ do ....... 
2A3 .... do ....... 

ri-mi. 
Used 
(gs.) 
9.6 
9.6 
9.6 
9.6 
9.6 
12. 3 
12.3 
12. 3 
12. 3 

Xylene 
(ccm.) 

5O 
5O 
5O 
6O 
5O 
5O 
5O 
6O 
5O 

1Vfax. Ester- 
iflcation 
Temp. 
(°C.) 

145 
138 
140 
145 
144 
.145 
138 
140. 
145 
138 

Esterifl- 
cation 
Time 
(hrs.) 

Table 2 

-:mt. 
Used 
(grs.) 

9.3 
9.3 
9.3 
9:3 
9.3 
9.3 
9.3 
9..3 
9:3 
9.3 

Max. Ester- 
ification 
Temp. 
(°C.) 
145 
140 
143 
140 
136 
141 
137 
139 
140 
137 

Sodium 
Esterifica- Bisul- 
tion Time rite  
(hrs:) (grs.) 
4. 6 
3½ 6 
4 6 
4 , 8 
4 6 
4 6 

Max. . 
Reac- :tion 
.tion Time 
Temp. (hrs.) 
(C.) 
80-95 3 
80-95. 
80-95 3 
80-95 3 
80-95. 
80-95 
80-95 ' 
0-95 
80-95 4 
80-95 

acid. An additional one-half per cent of toluene 
sulfonic acid was added, along with 9.3 grams 
of aconitic acid. Heat was applied and the mix- 
ture refluxed for four hours. The maximum 
temperature during the second reflux period, as 
in the flrst, was 145 ° C. The amount of water 
which distilled over in this instance was about 
the same as in the previous period. At the end 
of the reaction period ther-e was stfll a slight 
acidity due fo the presence of the acid catalyst 
and possiblF some uncombined aconitic acid, and 
possibly some uncombined acetic acid. A smsll 
amount of 30% aqueous caustic soda was added 
untit sufficient had been introduced to neutralize 
the free sulfonic acid radicals and the free car- 
boxyl acid radicals. 
After this adjustment .6. grains of powdered 
sodium bis,flfite were added. Apparenfly enough 
water had been added long with the caustic soda 
to diss01ve at least part of the sodium. 'bisulflte 
so that further addition of water was hOt re- 
quired. Needless to say, if. no caustic soda solu- 
tion was added to neutralize the acidity then a 
little water should be -added to dissolve at least 
part or all of the sodium bisulflte se as to give 
a saturated solution. The reaction mixture was 
stirred for three hours. No effort as ruade to 
bave .any reflux take place during this stage of 
the reaction for the obvious reason that if water 
were removed and. the sodium bisulflte were 
anhydrous there would,be little or no opportunity 
for reaction. This was necessary also for the 
reasgn that sodium bisulflte begins -to decompose 
at. about 100 ° C. and this reaction obvt0usly must 

Polypropylene glycols, are commercially avail- 
able. Such polypropylene glycols are furnished 
in v.arious mo]ecular weight ranges. The water- 
45 insoluble, kerosene-soluble polypropylene gtycols 
begin in the molecular weight range, somewhere 
above 500, and more speciflcally, at about 700 or 
qS0. The. molecular weight was usually de- 
termined by the hydroxyl method. Such hy- 
0 droxyl motecuLr weight is a fraction sometimes 
a large major fraction, of the theoretical mole- 
cular weight based on the method of synthesis, 
i. e., the calculated molecular weight based theo- 
retica]ly on the value one wou]d expect to obtain 
5 by treating x[ater or propylene glycol, for ex- 
ample, with propylene oxide. Needless to say, 
one does. hot obtain a single compound but a 
propylene glycol of a molecular weight of 750 
60 or 1,000 or 2,000 as the case may be and which 
really represents a cogeneric mixture whose 
statistical average molecular weight is the one 
indicated. Reference in the table is, of course, 
to hydroxyl value molecu]ar weight for the ob- 
{}5 vious reason that this is the ,basis for calculating 
the amount of reactants required. 
In all instances a small amount of 30% caustic 
soda was used as in the more complote descrip 
tion of Example 1. Also a small amount of tolu- 
70 ene sulf0nic acid, approximately 1% of theweight. 
of the glycol or slight]y less, was used in the two 
esteriflcation steps. About one-half Of thls 
amount was used in the first esteriflcation step 
(with the monocarboxy acid), and an equal 
75 amount..added during the second esteriflcation 
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step (with the aconitic acid). A larger amount 
should hot be used at any rime because there may 
be decomposition oï the glycol. The total amount 
can be added during the initial esterification if 
desired. Smaller amounts can be used, ïor in- 
stance, a total of V2 of 1% or % of 1% based on 
the amount of glycol, provided, however, that the 
esterification rime is extended somewhat. 
One may use any one of a variety of mono- 
carboxy acids, such as those previously noted, or 
higheï acids of the aliphatic sertes, such as butyr-- 
ic or valeric. The acids may be cyclic as in the 
case of benzoic, cyclohexanoic and furoic. The 
acid may bave the carbon chain interrupted by 
an oxygen atom as in the instance of beta-meth- 
oxy propionic acid. The acids may be hydroxyl- 
ated as in the case of hydroxyacetic acid or lactic 
acid. In any evant, however, the acids must be 
free from any radical having 8 or more uninter- 
rupted carbon atoms in a single group. 
One need hot prepare the ester in the manner 
described above but may use some other conven- 
tional procedures, as, for example, the use of the 
acyl chloride instead of the acid, or by alcoholysis 
involving methyl or ethyl acetate, ethyl or methyl 
propionate, etc. One may also start with the acid 
itself, such as acetic acid or propionic acid and 
subJect such acid to oxypropylation until the de- 
sired molecu!ar weight is reached. 
The producs obtained ,are comparable to the 
iriitial glycol in appearance, etc., i. e., usually they 
are an amber color or at least of a slight straw 
color, and offert somewhat thicker than the orig- 
inal glycol. This description, of course, applies 
to materials after removal of the solvent, i. e., the 
xylene. For use as demulsifiers there is no need 
to remove the xylene and it may remain behind. 
Obviously other liquids than xylene may be used 
in esterification pïocedure. However, if the boil- 
ing point is any higher than xylene there is dan- 
ger that decomposition may take place unless the 
amount of sulfonic acid is reduced. Other cat- 
alysts such as a small amount of dry hydro- 
chloric acid can be used but if appears less de- 
sirable than the sulfonic acid. Needless fo say, 
the caustic soda solution usd neutralizes the 
sulfonic acid catalyst present. 
In the various examples preceding only one 
glycol has been used in these cases. ActuaHy 
there is no reason why one may hot use two dif- 
ferent glycols, for instance, an equimolar mixture 
of two glycols, one for examp]e, having a molecu- 
far weight of 2000 and the other 3000; or one 
having a molecular weight of 1500 and the other 
2500. Actually these glycols are cogeneric mix- 
tures ai each selected molecular weight. Since 
aconitic acid bas three carboxyls one could select 
glycols of three different molecular weights, for 
instance, 1500, 2250 and 3000. Momentarily one 
need only look ai a simple situation, i. e., if maleic 
acid were employed, i. e., a compound having two 
calïboxyl radicals instead of three. In such event 
if one does make a mixture of the kind here de- 
scribed actually three types of compounds will 
appear, one type in which both carboxyl radicals 
of the dicarboxy acid are joined with the higher 
glycol, one type where both carboxyl are joined 
with the lower mo!ecu]ar weight glycol, and one 
type where one carboxy! is united fo a higher 
molecular weight glycol and the other one fo a 
lower molecular weight glycol. 
Other variations are obviously possible by using 
different monocarboxy acids. For example, the 
aconitic acid can be used united with different 
esters of the saine glycol, for instance, acetic acid 

6 
ester and propionic acid ester, or the different 
acids might be joined to glycols of different mo- 
lecular weights. 
The products so obtained are peculiar (a) inso- 
5 ïar that there is not present any radical having 
8 or more uninterrupted carbon atoms, and (b) 
the compounds are not particularly effective as 
surface-active agents in the ordinary sense due 
either to the large molecular size or the absence 
10 of a hydrophobe radical of the kind previously 
referred to, or for some other reason which is 
obscure. Thé chemical compounds herein em- 
ployed as demulsifiers bave molecular weights 
varying from 1500 up to several thousands, for 
15 instance, 6000, 7500 and 9000, and yet contain 
only one sulfo r, adical. Utility of such compounds 
for industrial uses is rather unusual. They are 
hot effective emulsifying agents, but are valuable 
as an additive or a promoter of emulsions. These 
20 compounds also bave hydrotropic property and 
serve as common solvents in the preparation of 
micellar solutions. It is fo be noted that they 
are free from terminal carboxyl radicals and thus 
differ from reagents obtained, for example, by 
25 treating one mole of a high molal polypropylene 
glycol with 2 moles of a dicaboxy acid. If is 
probable these reagents, due to their peculiar 
structure .and their peculiar solubility character- 
istics, will find utflity in other fields of applica- 
30 tion now unknown. 
Conventional demulsifying agents employed in 
the treatment of off fie]d emulsions are used as 
such, or aîter dilution with any suitable solvent, 
such as water, petroleum hydrocarbons, such as 
35 benzene, toluene, xylene, far acid off, cresol, an- 
thracene off, etc. Alcohols, particularly aliphatic 
alcohols, such as methyl alcohol, ethyl alcohol, 
denatured a]cohol, propyl alcohol, butyl alcohol, 
hexyl alcohol, octyl alcohol, etc., rnay be em- 
40 ployed as diluents. Miscellaneous solvents such 
as pine off, carbon tetrachloride, sulfur dioxide 
extract obtained in the refming of petroleum, etc., 
may be employed as diluents. Similarly, the ma- 
terial or materials employed as the demulsifying 
45 agent of our process may be admixed with one or 
more of the solvents customarily used in connec- 
tion with convntial demu]sifying agents. More- 
over, said material or materials may be used 
alone or in admixtu-e with other suitable well- 
50 known classes of demulsifying agents.. 
If is we!l known that conventional demulsify- 
ing agents may be used in a water-soluble tortu, 
or. in an oil-soluble form, or in a form exhibiting 
both oi! and water-solubi]ity. Sometimes they 
55 may be used in a form which exhibits re]atively 
limited oil-solubility. However, since such 
agents are frequently used in a ratio of 1 to i0,000 
or i fo 20,000, or  fo 30,000, or even I fo 40,000, 
or 1 fo 50,000 as in desalting practice, such an 
60 apparent insolubility in off aud water is hot sig 
nificant bcause said reagents undoubtedly bave 
solubility within such concentrations. This saine 
tact is true in regard fo the rnaterial or materials 
65 employed as the demulsifying agel.t of out 
process. 
In pracicing out process for resolving petro- 
leum ernulions of the water-in-oil type, a treat- 
ing agent or demulsifying agent of the kind above 
î0 described is brought into contact with or caused 
fo act upon the emulsion to be treated, in any 
of the various apparatus now generally used fo 
resolve or break petroleum emulsions with a 
chemical reagent, the above procedure being used 
75 alone or in combination with other demulsifying 
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procedure, .snch as t4e electa'ical dehydration 
process. 
One type of procedure is to accumulate a vol- 
ume of emulsified off in  tnk and conduct a 
batch treatment type of demulsification pro- 
cedure to recover clean off. In this procedure 
the emulsion is aGmixed with the demulsifier, foT 
example by agitating the tank of emulsion and 
slowly dripping demulsifier into the emulsion. In 
some cases mixing is achie¢ed by heating the 
emulsion while dripping in the demulsifier, de- 
pending upon the cenvection cum-ents in the 
emu]sion fo produce satisfactory admixture. In 
a Shird modification of this type of treatment, a 
circulat2ng pump withdraws emutsion from, e. g., 
the bottom of the tank, and. re-introduces £t into 
the top of the: tank, the demulsifier being added, 
for. example, at. the suction: side of sa4d circùlat- 
ing pump. 
In a second type of treating procedure, the de- 
mulsifier is introduced into the wetl fluids .at the 
welt-head or at some point between the well-head 
and the final off storage ta.nk, by means of an 
adjustable proportioning mechanism or .propor- 
tioning pump. Ordinarily the fiow of liuids 
through the subsequent, lines and fittings suffices 
fo produce the desired degree of mixing of demul- 
sifier and emulsion, although in some instances 
additional mixing devices may be introduced into 
the fiow system. In this general procedure, the 
system may include various mechanical devices 
for withdrawing free water, separating entrained 
water, or accomplishing quiescent settling of the 
chemicalized emulsion. I-Ieating devices may 
likewise be incorporated in any of the treating 
procedures described herein. 
A third type of application (down-the-hole) 
of demulsifier to emulsion is to introduce the de- 
mulsifier either periodically or continuously in 
diluted or undiluted ïorm into the well and to 
allow it to corne to the surface with the well 
fiuids, and then to fiow the chemicalized emulsion 
through any desirable surface equipment, such 
as employed in the other treating procedures. 
This particular type of application is decidedly 
useïul when the demulsifier is used in connection 
with acidification of calcareous oil-bearing 
strata, especially if suspended in or dissolved in 
the acid employed for acidification. 
In all cases, if wfll be apparent from the fore- 
going description, the broad process consists sim- 
ply in introducing a relatively small proportion 
of demulsifier into a relatively large proportion 
of emulsion, admixing the chemical and emulsion, 
either through natural fiow or through special ap- 
paratus, with or without the application of heat, 
and allowing the mixture to stand quiescent untfl 
the undesirable water content of the emulsion 
separates and settles ïrom the mas. 
The following is a typical installation: 
A reservoir fo hold the demulsifier of the ldnd 
described (diluted or undiluted) is plced at the 
well-head where the effluent liquids leave the well. 
This reservoir or container, which may vary ïrom 
5 gallons fo 50 gallons for convenience, is con- 
nected to a ProPortioning pump which injects the 
demulsifier drop-wie into the fiuids leaving the 
well. Such chemicalized fiuids pass through the 
flowline into a settling tank. The settling tank 
consists of a tank of any convenient size, for in- 
stance, one which will hold amounts of fluid pro- 
duced in 4. to 24 hours (500 barrels' to 2000 bar- 
tels' capacity), and in which there is a perpen- 
dicular conduit from the top of the tank to al- 
most the very bottom so as to permit the incom- 

ing fluids to pass frein the top of the settling tank 
to the bottom, so that such incoming fluids do 
hot disturb stratification which takes place dur- 
ing the course of demulsiflcation. The. settling 
5 tank bas two outlets, one being below the water 
level to drain off the water resulting ïom demul- 
sification or accompanying the emulsion as free 
water, the other being an off ourlet at the top to 
permit the passage of dehydrated off to a second 
tank, being a storage tank, which holds pipeline 
or dehydrated oil. If desired, the conduit or pipe 
which serves to carry the fiuids from the well to 
the settling tank may include a section of pipe 
with baflles to serve as a mixer, to insure tho.r- 
ough distribution of the demulsifier throughout 
the fiuids, or a heater for raising the temperature 
of the fiuids to some convenient temperature, 
for instance, 120 ° to 160 ° F., ol both heater and 
mixer. 
Demulsification procedure is started by simply 
setting the pump so as to feed a comparatively 
large ratio of demulsifier, for instance, 1:5,000. 
As soon a a complete "break" or satisfacory 
demulsification is obtained, the pump is regulated 
until experience shows that the amount of demul- 
sifier being added is just sucient to produce 
clean or dehydrated oil. The amount being ed 
at such stage is usually 1:10,000, 1:15,000, 
1:20,000, or the like. 
In many instances the products herein speci- 
fied as demulsifiers can be conveniently used 
without dilution. However, as previously .noted, 
they may be diluted as desired with any suitable 
solvent. For instance, by mixing 75 parts by 
weight of such derivative, for example, the prod- 
uct oî Example 1, with 15 parts by weight of 
xylene and 10 parts by weight of isopropyl alco- 
hol, an excellent demulsifier is obtained. Selec- 
tion of the solvent will vary, depending upon the 
40 solubflity characteristics of the pro.duct, and of 
course will be dictated in part by economic con- 
siderations, i. e., cost. 
As noted above, tl]e products herein described 
may be used not only in diluted form, but also 
may be admixed with some other chemical 
45 demulsifier. A mixture which illustrates such 
combination is the following: 
The product of Example 1, 20%; 
A cyclohexylamine salt of a polypropylated 
naphthalene monosulfonic acid, 24%; 
50 2-n ammonium sali of a polypropylated naph- 
thalene monosulfonic acid, 24%; 
A sodium salt of off-soluble mahogany petro- 
]eum su]fonic acid, 12%; 
A high-boiling aromatic petroleum solvent, 
55 
15%; 
Isopropyl alcohol, 5%. 
The above proportions are all weight percents.. 
I-Iaving thus described my fl]vention, what I 
60 claire as new and desire fo secure by Letters 
Patent, is 
1. A process for breaking petroleum emulsions 
of the water-in-oil type characterized by subject- 
ing the emulsion fo the action oî a demulsifier 
65 inc]uding hydrophile synthetic products; said 
hydrophile synthetic products being character- 
ized by the ïollowing formula: 
o 
70 I (o CIO ooCR 
 /o 
\ Il , 
R--C (O CI)O OCR 
75  (O CI) 0 0 C R' 

I0 

15 

0 

25 

3O 

35 



in which 

9 

o 

9,609,058 
5. The process of claim 1 wherein the value of 
n is approximately 45. 
6. The process of clairn 1 wherein the value of 
n is approximately 55. 
5 iVIELVIN DE GROOTE. 
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